ABSTRACT Yeast nucleotides are a fine functional additive in human and animals. The effects of dietary yeast nucleotides supplementation on intestinal development, expression of intestinal barrier-related genes, intestinal microbiota, and infectious bronchitis virus (IBV) antibody titer of specific pathogen-free (SPF) chickens were investigated. A total of 60 1-d-old chickens were divided into 4 groups, each of which included 3 replicates of 5 chickens. Group 1 served as a control that was fed a basal diet. Groups 2 to 4 were fed the basal diet supplemented with 0.1%, 0.3% and 0.5% yeast nucleotides, respectively. All chickens were inoculated intranasally with inactivated IBV vaccine at day 1 and day 10. At day 17, the intestinal development, expression of intestinal barrier-related genes and microbiota were evaluated. There was a significant increased ileal villus height and villus height to crypt depth ratio in group 2 (P < 0.05). Moreover, group 4 exhibited higher expression of zonula occludens-1 (ZO-1) and Occludin gene in ileum (P < 0.05), whereas groups 2 and 3 exhibited higher expression of Mucin 2 (MUC2) and trefoil factor 2 (TFF2) gene (P < 0.05), group 2 showed lower expression of IFN-α gene (P < 0.05). Dietary yeast nucleotides increased intestinal bacterial diversity (P < 0.05), and the abundance of Lactobacillus (P < 0.05). At day 10, 17, 24, 31, 38, and 45, the serum IBV antibody titers were tested. Group 2 exhibited higher IBV antibody titer at day 17 (P < 0.05), furthermore, groups 2 to 4 reached the effective levels 1 wk earlier than control group. In conclusion, dietary yeast nucleotides supplementation can help birds to mount a faster and stronger antibody response to IBV vaccine. In addition, dietary yeast nucleotides supplementation can also promote the intestinal development and barrier-related genes expression, and diversity and richness of intestinal microbiota.
INTRODUCTION
Nucleotides are a group of bioactive agents with the characteristic of low-molecular-weight and intracellular compounds, which play an important role in physiological activities of animals (Superchi et al., 2012) . There are 2 ways to synthetize nucleotides including endogenous anabolism and food intake. In some conditions, endogenous synthesis of nucleotides is insufficient for performing physiological functions (Maldonado et al., 2001) . Dietary nucleotides are considered as essential nutrients to modulate immunological and gastrointestinal function and optimize intestinal microbiota (Gil, 2002; Sauer et al., 2011) . Therefore, nucleotides are C 2018 Poultry Science Association Inc. Received March 18, 2018 . Accepted May 29, 2018 Corresponding author: qmx@scau.edu.cn used as functional feed ingredients and often supplemented to diets of livestock in the form of yeast extracts or pure substance Alizadeh et al., 2016) .
The intestinal mucosal barrier is crucial for animal health (Blikslager et al., 2007; Oshima and Miwa, 2016) . Complete intestinal structure could guarantee the function of mucosal barrier reflected by the villus length, villus width, and crypt depth . Dietary nucleotides supplementation could improve the development of porcine jejunum with higher villus to crypt ratio (Shen et al., 2009) . Tight junctions are the most important component of the intestinal mucosal barrier (Zihni et al., 2016) . Expressions of tight junction genes, such as zonula occludens-1 (ZO-1), were markedly increased in porcine ileum by feeding the nucleotides diet (Che et al., 2016) . Mucin 2 (MUC2) and trefoil factor 2 (TFF2) are major component of the 3837 protective mucus layer, both of which can protect the intestine against pathogen and promote the process of restitution (Hernandez et al., 2009; Zeinali et al., 2017) . Mucus synthesis and secretion are related to host-derived inflammatory mediators, such as interferon (Deplancke and Gaskins, 2001; Niv and Koren, 2003; Kang et al., 2005) . Some studies have reported that dietary nucleotides supplementation improved intestinal function and immunity in human and pig (Muhammad, 2013; Che et al., 2016) . However, the effect of nucleotides on the intestinal mucosal barrier in poultry is still uncertain.
Previous studies have demonstrated that the intestinal microbiota plays an important role in growth performance and intestinal health of broiler (Johansen et al., 2006; Yang and Choct, 2009) . Some factors, such as diet and antibiotics, can influence the species richness and diversity of intestinal microbiota (Knarreborg et al., 2002; Scott et al., 2013) . However, there is limited information about the effect of yeast nucleotides on intestinal microbiota of chickens. There are some evidences that dietary nucleotides could stimulate innate immune responses and improve host resistance to the damage of toxin in chickens (Frankic et al., 2006) . Moreover, dietary nucleotides can improve the humoral immunity and intestinal function in humans and piglets (Maldonado et al., 2001; Sauer et al., 2012b) . Therefore, the objective of this study was to determine the effect of dietary supplementation of yeast nucleotides on small intestinal morphology, expression of intestinal barrier-related genes, intestinal microbiota of specific pathogen-free (SPF) chickens and on their antibody responses to routine vaccination with inactivated infectious bronchitis virus (IBV) vaccine.
MATERIALS AND METHODS

Ethics Statement
The experimental protocol was approved by the Animal Care and Welfare Committee at South China Agriculture University (Guangzhou, China).
Animal Management
A total of 60 healthy 1-d-old SPF chickens with similar body weight were obtained from Guangdong Wens Dahuanong Biotechnology Co., Ltd., China. They were raised in negative pressure isolators with enclosed and ventilated environment. A continuous lighting program provided for the entire experimental period. Temperature was controlled at 34
• C to 36
• C during the first 5 d, then weekly reduced of 2
• C to 3 • C until reaching 24 • C to 26
• C. Feed and water were supplied ad libitum. All chickens were inoculated intranasally with inactivated IBV vaccine (IBV-D90) (Feng et al., 2015) at day 1 and day 10 with dosage at 10 4.5 EID 50 /0.1 mL. 
Experimental Design and Diet
All chickens were randomly divided into 4 dietary treatments with 3 replicate isolators of 5 birds each. Dietary treatments consisted of a control diet (CON) without yeast nucleotide, and basal diets supplemented with 0.1% (T1), 0.3% (T3), and 0.5% (T5) yeast nucleotides (Guangdong Hinabiotech Co., Ltd., China.), respectively. The basal diet was a corn-soybean mealbased diet, which was formulated to approximately meet the nutrient requirements for chickens (Dale, 1994) . All diets were prepared in a mash form. The composition and nutrition level of basal diet are shown in Table 1 .
Serum IBV Antibody Detection
At 10, 17, 24, 31, 38, and 45 d of age, all chickens were selected, blood samples were collected from the wing, and the serums were used to determine the humoral immune response derived from vaccination against IBV. An enzyme-linked immunosorbent assay kit (ELISA, VDPro IBV AB ELISA Kit, MEDIAN Diagnostics Inc., Korea) was used to determine antibody titres of the chickens against IBV according to the manufacturer's protocol. The absorbance was measured at 450 nm using an ELISA reader (Multiskan FC, Thermo Scientific, Shanghai, China) and calculated according to the instruction.
Animal euthanasia and Sample Collection
At 17 d of age, 3 chickens per group (1 chicken per replication) were randomly chosen and euthanized by CO 2 inhalation, then dislocated cervical vertebra. The small intestines were quickly dissected in a sterile environment. The jejunum was isolated and rinsed gently with 0.9% saline solution, then put them into 10% formalin solution fixed overnight for assessment of morphology. The middle section of ileum was separated with sterile scissors. Half of ileal segment was rinsed gently with 0.9% saline solution and then fixed overnight in 10% formalin solution for assessment of morphology. The other half of ileal segment was opened for collecting intestinal mucosal tissue and contents. The ileal contents were collected in sterile tubes prefrozen in liquid nitrogen and stored at −80
• C for intestinal microbiota analysis. The intestinal mucosal tissues were rinsed gently with 0.9% saline solution after collecting contents, then put in tubes pre-frozen in liquid nitrogen and stored at −80
• C for gene expression assay.
Small Intestinal Morphology
The segments of the jejunum and ileum were dehydrated with graded ethanol (50, 70, 80, 95, and 100%) and embedded in paraffin wax, then cut into thin slices (4 μm) and attached to the slides. The slides were stained with hematoxylin and eosion (H&E). For intestinal morphology, a slide per chicken was observed for cell infiltration, villi epithelial tissue and goblet cell under a light microscope. For each staining section, 10 intact villi and their related crypt were selected to measure the villus height and crypt depth by Nikon digital sight DS-FI2 image system attached to Nikon Eclipse ci microscope (Nikon Corporation, Japan).
Gene Expression Assay
Total RNA was extracted from ileum tissues according to the Trizol (Takara, Dalian, China) instruction. The integrity of total RNA was checked by electrophoresis on 1.0% agarose gel and quantified by Micro-spectrophotometer (Nanodrop 100, allsheng, Hangzhou, China). Then total RNA was reverse transcribed into cDNA using the PrimeScript RT reagent Kit with gDNA Eraser (Perfect Real Time) (Takara, Dalian, China) according to the protocol of the manufacturer. The cDNA used as a template to amplify the gene using the specific primer for real-time quantitative PCR (qPCR). Primer sequences of ZO-1, occludin, MUC2, TFF2, Interleukin 22 (IL-22), Interleukin 17A (IL-17A), interferon-α (IFN-α), and beta actin (β-actin) genes are shown in Table 2 . The PCR reaction used a SYBR green qPCR mix (Selleck Chemicals, Shanghai, China) and performed on the CFX96 Touch Thermal Cycler (Bio-Rad, California, USA). Each sample was run in triple with thermocycling conditions for real-time qPCR was 95
• C for 10 min followed by 40 cycles of 95
• C for 15 s and 60
• C for 60 s. The specificity of primers was examined by melting curve analysis. Quantification of all gene expression was calculated using the 2 -ΔΔCt method with normalization against the endogenous reference gene (β-actin).
Intestinal Microbiome
Microbial genomic DNA of each ileal content sample was extracted by TIANamp Stool DNA Kit (Tiangen, Beijing, China) according to the manufacturer's instruction. DNA samples were quantified using a Qubit 2.0 Fluorometer (Invitrogen, Carlsbad, CA, USA). The V3 and V4 hypervariable regions of prokaryotic 16S rDNA were selected for generating amplicons using the primers: forward primers: 5 -CCTACGGRRBGCASCAGKVRVGAAT-3 and reverse primers: 5 -GGACTACNVGGGTWTC TAATCC-3 . The PCR amplification conditions were 94
• C for 3 min, followed by 24 cycles of 94 • C for 5 s, 57
• C for 90 s and 72
• C for 10 s, and finally 72 • C for 5 min. The PCR product was excised from 2% agarose gel and purified with E.Z.N.A. Gel Extraction Kit (Omega Bio-Tek Inc., Guangzhou, China). 30 to 50 ng DNA was used to generate amplicons using a MetaVx Library Preparation kit (GENEWIZ Inc., South Plainfield, NJ, USA). Finally, DNA libraries were validated by Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA), and quantified by Qubit 2.0 Fluorometer (Invitrogen, Carlsbad, CA). DNA libraries were multiplexed and loaded on an Illumina MiSeq instrument according to manufacturer's instructions (Illumina, San Diego, CA, USA). Sequencing was performed using a 2 × 300 paired-end (PE) configuration; image analysis and base calling were conducted by the MiSeq Control Software (MCS) embedded in the MiSeq instrument.
Sequence Analysis of 16 s rRNA
The QIIME data analysis package (version 1.9.1) was used for 16S rRNA data analysis (Caporaso et al., 2010) . The forward and reverse reads were joined and assigned to samples based on barcode and truncated by cutting off the barcode and primer sequence. Quality filtering on joined sequences was performed and sequences which did not fulfill the following criteria were discarded: sequence length <200 bp, no ambiguous bases, mean quality score ≥20. Then the sequences were compared with the reference database (RDP Gold database) using UCHIME algorithm to detect chimeric sequence, and then the chimeric sequences were removed. The effective sequences were used in the final analysis. Sequences were grouped into operational taxonomic units (OTUs) using the clustering program VSEARCH (1.9.6) (Github, San Francisco, USA) against the Silva 119 database pre-clustered at 97% sequence identity. The Ribosomal Database Program (RDP) classifier was used to assign taxonomic category to all OTUs at confidence threshold of 0.8. The RDP classifier uses the Silva 123 database which has taxonomic categories predicted to the species level. Sequences were rarefied prior to calculation of alpha and beta diversity statistics. Alpha diversity indexes were calculated in QIIME from rarefied samples using for diversity the Shannon index, for richness the Chao1 index. Beta diversity was calculated using principal coordinate analysis (PCoA) performed based on the Bray-Curtis distance metric.
Statistical Analysis
The experimental unit was the isolates, and 3 chickens for intestinal analysis, 12 chickens for blood samples analysis. All the data were tested by normal distribution by the Shapiro-Wilk test using SPSS 22.0 (SPSS Inc., Cary, NC, USA). The normalized data were analyzed statistically with one-way analysis of variance (ANOVA) by Duncan's multiple comparison tests. Non-normally distributed data were analyzed with the Kruskal-Wallis test. Differences were considered to be statistically significant at P < 0.05. Data were expressed as means and standard error of mean (SEM). The column diagrams were made by with GraphPad Prism 7.0 (GraphPad Software, Inc. La Jolla, USA).
RESULTS
Small Intestinal Morphometry
The morphology changes of jejunum and ileum are shown in Figures 1A and 1B . Under experimental conditions, no immune cell infiltration was observed in the jejunum and ileum of all groups. In jejunum, the shedding villi epithelial tissue can be seen in control and T1 group ( Figure 1A, red arrow) . Goblet cells appear as vacuoles when stained by H&E. In comparison to control group, there are more goblet cells in T1, T3, and T5 groups ( Figure 1A, black arrow) . The development of jejunal villi in control group was not as good as other groups, which showed neatly lined villi ( Figure 1A) . In ileum, the control group appeared some shedding villi epithelial tissue ( Figure 1B, red arrow) . The amount of goblet cells was obviously increased in T3 group ( Figure 1B) .
The villus height, crypt depth, and the ratio of villus height to crypt depth (V/C) of jejunum and ileum are shown in Figures 1C-1E . There were no significant differences of the above indexes in the jejunum among 4 treatment groups (P > 0.05) ( Figures 1C-1E ). In ileum, both villus height and V/C increased when comparing the T5 group with the control group (P < 0.05) ( Figures 1C and 1E ), but there was no significant difference in crypt depth (P > 0.05) ( Figure 1D ). However, the T1 and T3 groups had no significant difference in the 3 indexes compared with the control group (P > 0.05) (Figures 1C-1E ).
Gene Expression of Ileum Mucosa
The fold change for ZO-1, Occludin, MUC2, TFF2, IL-22, IL-17A, and IFN-α gene expression analysis obtained from qRT-PCR is shown in Figure 2 . Yeast nucleotides tended to increase expressions of ZO-1 and Occludin genes, and it was markedly increased (P < 0.05) in SPF chickens fed T5 diet relative to CON diet (Figures 2A and 2B) . Meanwhile, the expressions of MUC2 and TFF2 were significantly upregulated (P < 0.05) in ileum samples of birds of T1 and T3 groups versus the control group ( Figures 2C  and 2D ). There were no significant differences in the expression of IL-22 and IL-17A genes among 4 groups (P > 0.05) (Figures 2E and 2F ). Compared with the control group, the T1 group had a significant decreased expression of IFN-α gene (P < 0.05), but there were no significant differences in T3 and T5 groups (P > 0.05) ( Figure 2G ).
Microbial Profile
A total of 2233,812 sequences obtained from all the samples with an average read length of 300 bp. After filtering for quality and checking chimera, 664,559 effective reads remained with the number ranging from 39,051 to 65,631 per sample and then clustering into a , and the ratio of villus height to crypt depth (V/C) (E) of jejunum and ileum were measured. Data are shown as mean with SEM (N = 3) in (C to E). The asterisk superscripts on the bar mean significant difference compared with control group (P < 0.05), whereas with no star superscripts mean no significant difference (P > 0.05). CON, control group. T1, 0.1% dose group. T3, 0.3% dose group. T5, 0.5% dose group. total of 154 OTUs for all samples at the 97% sequence similarity value for the final analysis.
The complexity of intestinal microbiota was evaluated on the basis of alpha-diversity indices (Figure 3) . The rarefaction curve for all samples tends to reach the plateau with the number of reads increased in each sample, showing that sequences were large enough to cover community in the SPF chickens' intestinal microbiota ( Figure 3A) . The Chao1 was used to reflect the species richness. The Chao1 of T1, T3, and T5 groups are significantly higher than that of control group (P < 0.05) ( Figure 3B ). The Shannon's index was used to reflect the species diversity, and the Shannon's index of all 3 treatment groups was higher than that of control group ( Figure 3C ). The larger Chao1 and Shannon's indexes represent a more rich and diverse microbial population, respectively. Consequently, these results demonstrated that yeast nucleotides may increase the species richness and diversity to a certain extent. The PCoA plot indicates the similarity between microbial communities as shown in Figure 3D . The microbial communities from each treatment were separated into a distinct cluster.
The taxonomic analysis of OTU representative sequences of 97% similarity by using RDP classifier Bayesian algorithm is shown in Figure 4 . All OTU representative sequences were classified into 4 most common phyla (>1%, at least in 1 group): Firmicutes, Bacteroidetes, Proteobacteria, and Tenericutes ( Figure 4A ). However, there were no differences of the microbial communities among 4 groups at phylum level. (N = 3) . The asterisk superscripts on the bar mean significant difference compared with control group (P < 0.05), whereas with no star superscripts mean no significant difference (P > 0.05). CON, control group. T1, 0.1% dose group. T3, 0.3% dose group. T5, 0.5% dose group.
At the genus level, the bacterial community composition of different samples was performed in the form of proportional columnar graph ( Figure 4B ). The sequences from all samples were majorly identified into 39 genera whereas others were combined into "unclassed". We then selected the top 7 abundance genera for further analysis. Compared with control group, the abundance of Blautia and Ruminiclostriduium 5 in T1, T3 and T5 groups and Selllimonas in T1 group was significantly decrease (P < 0.05). In addition, the abundance of Lactobacillus in T1, T3 and T5 groups and [Ruminococcus] torques group in T3 group was significantly higher than control group (P < 0.05) ( Figure 4C ).
Serum IBV Antibody Titers
The effect of yeast nucleotide supplement on IBV antibody titers is presented in Figure 5 . After vaccination, the antibody response to IBV vaccine was higher in 3 treatment groups than in control group, and the IBV antibody titers of T5 group was significantly higher than that of control group at day 17 (P < 0.05). From day 17 onward, the IBV antibody titers of T1, T3, and T5 groups have reached the positive value, whereas the control group reached the positive value at day 24. These results clearly demonstrated that yeast nucleotides can enhance the immune response to IBV vaccine.
DISCUSSION
Some studies have demonstrated many benefits drawn from nucleotides on the immune function and intestinal health of humans and piglets (Maldonado et al., 2001; Godlewski et al., 2009 ). In mammals, pups can obtain high concentration nucleotides from milk (Thorell et al., 1996) . However, chickens can only obtain nucleotides from endogenous anabolism and food intake. The chickens are 1 of the major sources of valuable protein for human (Windhorst, 2006) . The comprehension of physiological state in chickens is very important to prevent pathogenic infections and the occurrence of diseases. In this study, we used the yeast nucleotides as functional additives to investigate its effect on chickens.
Yeast nucleotides can be efficiently absorbed by the small intestine, whereby enhances the function of intestinal epithelial cells (Seifert and Schultz, 1989) . Goblet cells synthesize and secret lubricant mucus that forms a mucus layer in the small intestine to protect the Figure 3 . The diversity of intestinal microbiota in SPF chickens. The vertical axis of rarefaction curves (A) shows the number of observe OTU that would be expected to be found after sampling the number of sequences shown on the horizontal axis. The Chao 1 (B) was used to estimate sample richness and Shannon indices (C) was used to estimate sample diversity. Data are shown as mean with SEM (N = 3) in (B) and (C). Principal coordinate analysis (PCoA) plot (D) of the intestinal microbiota based on the Bray-Curtis distance metric. The percentages indicate the relative contribution of the 2 principal coordinates (PC1-PC2). The asterisk superscripts on the bar mean significant difference compared with control group (P < 0.05), whereas with no star superscripts mean no significant difference (P > 0.05). CON, control group. T1, 0.1% dose group. T3, 0.3% dose group. T5, 0.5% dose group. epithelial cells (Johansson et al., 2013) . In this study, we observed that the amount of goblet cells was obviously increased in jejunum and ileum of chickens fed yeast nucleotides when compared with chickens fed the control diet ( Figures 1A and 1B) . Complete small intestinal structure is important for digestive and absorptive function of small intestine and is closely related to the morphological changes of small intestinal villus length and crypt depth (Brudnicki et al., 2017) . Compared with chickens fed the control diet, an increase in villus height and villus height to crypt depth ratio in the ileum was observed in chickens fed 0.5% yeast nucleotides (T5 group) ( Figures 1C and 1E) . Similarly, a previous study reported that dietary yeast nucleotides have beneficial effects on ileal morphology in pigs (Domeneghini et al., 2004) . These findings are suggestive that yeast nucleotides are useful to intestinal development.
The intestinal mucosal function is crucial for animal as a barrier to prevent pathogens and toxins. The intestinal barrier is a complex structure consisting of 4 main components: the physical, chemical, immunological, and microbiological barriers (Anderson et al., 2012) . The physical barrier is a layer of epithelial cells that connects each other with tight junctions (Farquhar and Palade, 1963) . In the present study, diets containing yeast nucleotides tended to increase expressions of ZO-1 and Occludin genes compared to the control diet (Figures 2A and 2B ). This finding is consistent with the result of Che et al.(2016) , who found that expressions of Claudin-1 and ZO-1 genes in ileum were markedly increased by feeding yeast nucleotides. MUC2 and TFF2 proteins are major component of the chemical barrier, which play an important role in preventing against the bacteria and lubricating the small intestine to maintain the mucosal barrier function (Johansson et al., 2011) . TFF3 (also TFF2 in chickens) could suppressed the secretion of proinflammatory cytokines in intestinal mucosal, whereas the decrease of MUC2 induces inflammatory immune responses (Zhang et al., 2003; Van der Sluis et al., 2006) . In this study, our results Relative abundance of intestinal microbiota in SPF chickens. The bacterial community composition at phylum level (A). Those abundances below 1% were classified into "others", including Actinobacteria and Acidobacteria. The bacterial community composition at the genus level (B). Those abundances below 1% were classified into "others". Lanes 1 to 12 represent each sample of ileal content in 4 treatment groups. The top 7 abundances of genera in 4 treatment groups (C). Data are shown as mean with SEM (N = 3) in (A) and (C). The asterisk superscripts on the bar mean significant difference compared with control group (P < 0.05), whereas with no star superscripts mean no significant difference (P > 0.05). CON, control group. T1, 0.1% dose group. T3, 0.3% dose group. T5, 0.5% dose group.
showed that expression of MUC2 and TFF2 genes were increased in T1 and T3 groups over the control group ( Figures 2C and 2D ). This finding demonstrated that yeast nucleotides may enhance the immunity function of intestinal mucosa. IFN-α is a proinflammatory cytokine produced by virally infected cells and has a strong correlation with autoimmune diseases (Monteleone et al., 2001) . IL-17A and IL-22 are proinflammatory cytokine and positively correlated with the severity of the disease (Li et al., 2012; Mizoguchi, 2012) . In the present study, diets supplemented with yeast nucleotides did not significantly influence the expression of IL-22 and IL-17A genes ( Figures 2E and 2F) , and tended to decreased expression of IFN-α gene compared to the control group ( Figure 2G ). These findings are suggestive that yeast nucleotides confer a moderate effect of intestinal mucosal function on chickens.
The microbiota is one of the essential components of intestinal (Neish, 2009 ). The higher diversity of intestinal microbiota is beneficial to the intestinal ecosystem Figure 5 . Effects of yeast nucleotide on IBV antibody titers in SPF chickens. The dotted line represents the log 10 titer equal to 3.04. The log 10 titer greater or equal to 3.04 mean the antibody was positive in serum. The asterisk superscripts on the bar mean significant difference compared with control group (P < 0.05), whereas no asterisk superscripts mean no significant difference (P > 0.05). Data are presented as means with SEM (N = 12). CON, control group. T1, 0.1% dose group. T3, 0.3% dose group. T5, 0.5% dose group. (Kühn et al., 1993) . In this study, our results demonstrated that diets supplemented with yeast nucleotides increase the diversity and richness of intestinal microbiota ( Figures 3B and 3C) . Interestingly, the abundance of genera Lactobacillus in yeast nucleotides treatment groups was significantly higher than that of control group ( Figure 4C ), which are the major part of lactic acid bacteria group. Genera Lactobacillus exhibits a mutually beneficial relationship with the human body (Martin et al., 2013) . Carbohydrates could be converted to lactic acid by Lactobacillus and be further utilized result by some intestinal bacteria, such as Clostridium (Ushida and Hoshi, 2009) . Blautia is considered as symbiotic bacteria in intestine, whereas Ruminiclostridium 5 is cellulolytic bacterium (Ravachol et al., 2015) . The abundance of Blautia and Ruminiclostridium 5 was decreased in chickens that supplemented with yeast nucleotides ( Figure 4C ). However, the functions of these 2 genera in the intestinal tract of chickens and the reasons for their reduction still need further study. Therefore, dietary yeast nucleotides could modify the composition of intestinal microbiota by promoting beneficial bacteria, such as Lactobacillus, and changing the composition of intestinal commensal bacteria. To evaluate small intestinal morphology, expression of intestinal barrierrelated genes and intestinal microbiota, 3 birds were used in this study, which can only reach basic requirements in statistics.
The antibodies can be regulated by the immune response to the corresponding antigen and prevent the spread of intracellular infections (Heyman, 2013 ). Antibody response was significantly increased in neonates by feeding nucleotides (Maldonado et al., 2001) . In this study, IBV antibody titers in yeast nucleotide treatment groups reached the level of effective protection earlier than the control group for 1 wk ( Figure 5 ). This result indicated that the antibody response to routine vaccination with inactivated IBV vaccine was enhanced by yeast nucleotides. Since we only focus on IBV immunization, further studies may need to be carried out to evaluate the effects of yeast nucleotides on other vaccines, such as Newcastle disease virus and avian influenza virus vaccines. On the other hand, yeast nucleotides will be used in normal chickens, due to different genetic lineage having different physiological characteristics and management.
In conclusion, our results confirmed that dietary yeast nucleotides supplementation can help birds to mount a faster and stronger antibody response to IBV vaccine. Our findings are also suggestive that dietary yeast nucleotides supplementation can promote the intestinal development and barrier-related genes expression, and diversity and richness of intestinal microbiota.
